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Abstract
We have previously reported natural infection of Hanuman langurs (Semnopithecus entellus) from Lucknow, India by a novel simian
retrovirus, SRV-6, a -retrovirus (type D retrovirus). Here we describe infection by a closely related SRV-6 in an isolated feral population
of Hanuman langurs from Jodhpur in the Northwestern desert region of India. Serological analyses, using in-house ELISA and WB, genomic
amplification, and sequencing of env region (gp70 and gp20) of the viral genome were carried out. SRV-6-infected langurs from the two
regions were serologically cross-reactive. The env gene was used for phylogenetic analyses, being the most variable part of a retroviral
genome. The surface glycoproteins (gp70) were almost identical between the two SRV-6 isolates and related to but distinct from equivalent
regions from other exogenous SRVs. We could sequence the transmembrane glycoprotein gp20 from SRV-6 infecting the Jodhpur langurs,
which was again shown to be related to but unique compared to the other known SRVs. The study suggests that natural infection by related
strains of SRV-6 occurs in wild langurs from different parts of India.
© 2003 Elsevier Science (USA). All rights reserved.
Introduction
We have previously reported natural infection of the
Indian Hanuman langur (Semnopithecus entellus) by a novel
simian retrovirus (SRV-6) (Nandi et al., 2000). The langurs
included in this study were wild-caught from the forested
region near Lucknow, in the state of Uttar Pradesh, North
India. It was the first ever report of natural infection by a
simian retrovirus in the Indian langurs.
The aim of the present work was to address the ques-
tion of natural primate reservoir of SRV-6. We carried
out a field study with a geographically isolated popula-
tion of free-living Hanuman langurs from the open scrub
forest region at the outskirts of the city of Jodhpur. Here
we report natural infection by a closely related SRV-6 in
two individuals from this population. Comparative
genomic analyses of env gene of the virus infecting the
Jodhpur langurs (SRV-6 J) with that of SRV-6 infecting
langurs from Lucknow (SRV-6 L), the known sequences
from exogenous SRVs (SRV-1-3), as well as the unpub-
lished sequences from SRV-4 and SRV-5, suggest that
langurs from two different regions of India are naturally
infected by closely related strains of SRV-6.
There is a large and varied primate population in
India. The three most common species of these are Ha-
numan langur (S. entellus), rhesus monkey (Macaca mu-
latta), and bonnet monkey (M. radiata) (Mohnot, 1971,
1975; Roonwal and Mohnot, 1977; Tiwari and Mukher-
jee, 1992). These are not endangered species and are
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widely distributed across the country and also in the
neighboring countries such as Bangladesh, Pakistan, Sri
Lanka, and Nepal. Morphologically there are 16 different
subspecies of langurs found in the Indian subcontinent
(Mohnot, 1971, 1975; Roonwal and Mohnot, 1977). In
Jodhpur, the geographically isolated langur population is
organized into two types of social groups: unimale bi-
sexual and all male band (Mohnot, 1971, 1975; Roonwal
and Mohnot, 1977; Tiwari and Mukherjee, 1992). Groups
of langurs, S. entellus (Primates: Cercopithecidae: Colo-
binae), seem to have been living in this region even
before the city of Jodhpur came into existence in 1459
A.D.
Several species of the genus Macaca housed in various
primate research centers of the USA were infected by
different serotypes of SRVs, though a natural reservoir
for SRVs is not yet clearly identified (Benjamin et al.,
1991; Benveniste et al., 1985; Chopra and Mason, 1970;
Daniel et al., 1984; Denner et al., 1985; Desrosiers et al.,
1985; Grant et al., 1995a,b; Kwang et al., 1987; Li et al.,
2000; Liska et al., 1997; Luciw et al., 1985; Malley et al.,
1991, 1992; Marracci et al., 1995, 1999; Maul et al.,
1986, 1988). As of now, six different types of exogenous
SRVs have been reported of which the first three, SRV-1,
SRV-2, and SRV-3, have been fully characterized at the
genomic level (Benjamin et al., 1991; Benveniste et al.,
1985; Chopra and Mason 1970; Daniel et al., 1984;
Denner et al., 1985; Desrosiers et al., 1985; Grant et al.,
1995a,b; Kwang et al., 1987; Li et al., 2000; Liska et al.,
1997; Luciw et al., 1985; Malley et al., 1991, 1992;
Marracci et al., 1995, 1999; Maul et al., 1986, 1988;
Nandi et al., 2000). While SRV-4 is known to be different
serologically from the other SRVs, its full genomic data
are not yet published. Partial genomic characterization of
SRV-5 from the gag-prt region of the viral genome has
been reported recently, though the full genome sequence
data are yet to be published (Li et al., 2000; C.A.
Machida, Oregon Health Sciences University, USA, per-
sonal communication). Natural reservoirs of SRV sero-
groups 1,3,4, and 5 have not been identified. Based on
serological studies in India (as mentioned in Marracci et
al., 1999), the source of the founder animals, rhesus
monkeys (M. mulatta) and bonnet monkeys (M. radiata),
did not show any serological evidence of SRV-2. An
earlier report on a different species of wild-caught ma-
caques (M. fascicularis) from Indonesia (Marracci et al.,
1999) indicated the presence of SRV-2. It was therefore
assumed that the Indonesian simian population might be
the natural reservoir for SRV-2 (Marracci et al., 1999).
In addition to simian immunodeficiency virus (SIV),
SRV-1 and SRV-2 have been identified as etiological
agents for simian AIDS in several macaque species
(Daniel et al., 1984; Stromberg et al., 1984). The signs
and symptoms of simian AIDS caused by SRVs and SIV
are indistinguishable (Stromberg et al., 1984). In ma-
caques, SRV-2 is also reported to be associated with
retroperitoneal fibromatosis, a Kaposi sarcoma-like con-
dition (Grant et al., 1995b). However, in many cases,
natural infection by exogenous retroviruses is largely
asymptomatic (Li et al., 2000, Marracci et al., 1995,
1999; Maul et al., 1986, 1988; Power et al., 1986; Rosen-
blum et al., 2000; Rosenblum and McClure, 1999).
Results
Serological analyses
A total of eight serum samples from langurs were
analyzed serologically (four langurs from Lucknow, two
laboratory-bred langurs, and two feral langurs from Jodh-
pur). The samples were seroreactive by in-house ELISA
developed by us using purified and lysed viral pellet of
SRV-6 L from our earlier study, since no serological test
for SRV-6 was available locally. As negative control, a
serum sample from an uninfected human was used. The
langur serum samples seroreactive by ELISA were also
positive by western blot (WB) (Fig. 1). Using ELISA
plate provided by R.C. Desrosies, specific for SRV-2,
none of the serum samples from langurs were reactive.
However seven serum samples from wild-caught rhesus
samples were weakly seroreactive by the test (data not
shown). In WB, the surface glycoproteins and two GAG
proteins were distinctly visible in the serum samples of
Jodhpur langurs and the positive control, Lucknow langur
(L34), from our earlier study (Nandi et al., 2000) (Fig. 1).
The normal human serum samples were negative. We did
not include any monkey serum samples as negative con-
Fig. 1. Serological analyses by WB. The molecular weight sizes are shown.
Lanes 1, 3, and 5 are negative control, using normal human serum samples.
Lane 2 refers to serum sample from langur L34 from Lucknow; lane 4,
serum samples from langur GL1; and lane 6, serum samples from langur
GL2, both from Jodhpur. The glycoprotein bands are visible in lanes 4 and
6. The other viral proteins detectable were p30, p27, and p9 in all the lanes
with langur serum samples. These bands were not visible in the negative
control of normal human serum.
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trols on this occasion pending a wide-scale serosurveil-
lance study for natural infection by SRV-6 in the Indian
primates.
Cell culture and virus isolation
Peripheral blood lymphocytes (PBL) from langurs
were successfully cocultured in three human cell lines, a
B cell line (Raji) and two T cell lines (Hut 78 and H9).
Typical syncytia as a marker for cytopathic effect (CPE)
were seen in coculture experiments of langur PBL with
all three cell lines (Figs. 2, i,a: uninfected; b: infected,
Raji; ii, a: uninfected, b: infected Hut 78; and iii, a:
uninfected, b: infected H9). However the virus grew
more efficiently in Raji cells than in the T cell lines. We
have developed a persistently infected cell line by re-
peated passages of the SRV-6 L infected PBL from a
langur (L34) since our earlier report (Nandi et al., 2000).
Primary culture of the langur PBL was also successful by
day 3 of the culture.
Genomic amplification by PCR
A 310-bp product was amplified from gp20 region (Fig.
3) and 400 bp from gp70 region (Li et al., 2000; Grant et al.,
1995a). We directly sequenced products from the env re-
gions (gp20 and gp70) of genomes of SRV-6 naturally
infecting the langurs from Jodhpur and Lucknow for phy-
logenetic analyses.
Sequencing
While direct sequencing of PCR products from surface
glycoprotein (gp 70) using PCR primer for sequencing was
successful for SRV-6 J and SRV-6 L, giving unambiguous
reads of about 350 nucleotides, direct sequencing of gp20
using PCR primers for sequencing was not successful on
several attempts. After a limited stretch of 90 nucleotides
for SRV-6 L and 110 nucleotides for SRV-6 J, which were
unambiguous, nonreadable sequences repeatedly appeared
despite distinct PCR signals for both SRV-6 J and SRV-6 L
(Fig. 3).
It was probably due to suboptimal homology between
the primer and target sequences, since the primers were
synthesized based on published sequences from SRV-5
genome (Li et al., 2000). We were subsequently able to
generate a 265-nucleotide read from the gp20 region of
SRV-6 J but not from SRV-6 L, beyond the initial read of
90 nucleotides.
Sequence from the gp20 region of SRV-6 J was used
to construct a phylogenetic tree with equivalent regions
from the known SRVs and related viruses (Fig. 5).
Phylogenetic analyses
Nucleotide sequencing data from env genes (gp70)
were used to evaluate phylogenetic relationship of SRV-6
naturally infecting Lucknow and Jodhpur langurs (SRV-6
L and SRV-6 J, respectively), with equivalent regions of
env gene from known related retroviruses, available from
the GenBank database. The new sequences were searched
against a nonredundant collection of sequence data and
nucleotide sequences of known SRVs and related viruses
using the programs BLAST, FASTA, and Clustal W
(Altschule et al., 1997; Pearson and Lipman 1988;
Thompson et al., 1994). Based on homology search re-
sults, different sequences belonging to Retroviridae fam-
ily and type D () retroviruses were downloaded and
converted to the FASTA format. The FASTA program
was run to locate the region of maximum similarity
(Felseteine, 1995, 1996). The sequences were also
aligned with equivalent regions of SRV-4 and SRV-5
genomes (sequence alignment carried out by C.A.
Machida, Oregon Health Sciences University, USA, per-
sonal communication). Phylogenetic trees were con-
structed using multiple sequence alignment by Clustal W,
MEGA 2, Seqboot, and PHYLIP for gp70 to determine
the phylogenetic relationship of SRV-6 J and SRV-6 L
(Felseteine, 1995, 1996; Kumar et al., 2001; Thompson et
al., 1994). The multiple alignment data were converted to
“interleaved” data format using the program CLUSTAL-
CONVERTER to compare equivalent regions of similar
length from different SRVs with that of SRV-6 from
Jodhpur and Lucknow langurs. The program SEQBOOT
was used to produce multiple data sets by 100 bootstrap
resampling. The phylogenies were estimated using par-
simony method (program DNAPARS). Consensus trees
for gp70 were generated using the data sets that were
obtained using 100 reshuffles by bootstrapping. The pro-
grams DRAWGRAM and DRAWTREE were used to
generate phylogenetic trees by PHYLIP and MEGA 2
(Kumar et al., 2001; Thompson et al., 1994; Web-
PHYLIP: version 1.3, http://sdmc.krdl.ord.sg.8080/
lxzhang/). The two SRV-6 strains are practically iden-
tical in this stretch of the surface glycoprotein, gp70, as
shown in Fig. 4, comparing the predicted amino acid
sequences from the same regions (PHYLIP WebPHYLIP:
version 1.3, http://sdmc.krdl.ord.sg.8080/lxzhang/).
They are related to but distinct from SRV-1, 2, and 3,
simian sarcoma virus (SSV), Baboon endogenous virus
(BaEV), SRV-like virus from the Ethiopean baboons
(SRV-Pc), and reticuloendotheliosis virus (REV). Be-
tween each other, SRV-6 from Lucknow and Jodhpur
exhibit a near complete homology in gp70 sequences
(99.3%). With respect to gp20 the langur viruses are
closer to SRV-1 and SRV-3, estimated by limited nucle-
otide sequences and the predicted amino acid sequences.
Using limited sequence information from the stretch of
90 and 110 nucleotides of gp20 regions of SRV-6 L and
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SRV-6 J and comparing the predicted amino acids with each
other as well as equivalent regions from other SRVs, it was
obvious that this region is more variable than the surface
glycoproteins, gp70. There was an apparent frameshift mu-
tation over a stretch of seven predicted amino acids obtained
from the limited sequence data in the gp20 region of SRV-6
L and SRV-6 J. They also appear to be very different from
the known SRVs in the equivalent regions of gp20. The
Fig. 2. Photomicrographs of coculture and virus isolation studies showing characteristic syncytia formation as marker for CPE in three cell lines of human
origin (unstained, magnification: 100)
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amino acid stretch QVAYP is identical in gp20 regions of
SRV-6 J and SRV-6 L. There was a seven amino acid
frameshift mutation in SRV-6 J (HQYYPHS), which is
TSITHTH in SRV-6 L:
QVAYPFTSITHTH (SRV-6 L gp20)
QVAYPFHQYYPHS (SRV-6 J gp20)
Only the stretch QY, found in SRV-6 J (which is replaced
by SI in SRV-6 L) as above, is common in SRV1-3 as well
as in SRV baboon and BaEV. However overall the gp20
stretches of SRV-6 J and SRV-6 L are very different from
the equivalent regions of the known SRVs. Using gp20
sequence information from SRV-6 J (265 nucleotides), it
appeared as a distinct but related branch in the phylogenetic
tree of simian retroviruses and other related retroviruses
(Figs. 5a, b, and c).
Discussion
To establish characterization of SRV-6 as a defined new
serological group would require antibodies immunoreactive
to each of the known SRV serogroups (SRV1–5). To the
best of our knowledge, there is no single laboratory in the
world that houses antibody reagents to each of the five
serogroups in a single facility (C.A. Machida, OHSU, USA,
personal communication). However it is known that the
serogroups also differ genetically. Analyses with the in-
house ELISA and WB demonstrate that SRV-6 from Jodh-
pur and Lucknow are serologically cross-reactive (Fig. 1).
They are however not serologically cross-reactive with
SRV-2, as shown by testing the samples with SRV-2-spe-
cific test provided by R.C. Desrosiers, Harvard Medical
School, USA (data not shown). We used normal human
serum as negative control in the serological analyses as
humans and nonhuman primates are closer to each other.
Using serum sample from Indian langur or rhesus monkeys
at this point would be inappropriate since there are no data
available on the prevalence for natural infection by SRV in
the Indian simian population. Identification of “seronega-
tive” samples from langurs or rhesus monkeys is possible
only after large-scale serosurveillance of simians for natural
infection by SRV-6 is carried out.
The virus could be isolated by primary culture as well as
coculture of the langur PBLs in three human cell lines, Raji,
Fig. 3. Agarose gel electrophoresis of the PCR product with primers from
the transmembrane region of the env gene (gp20). Lane 1: DNA marker
( 174/HaeIII digest); Lane 2: gp20 DNA PCR product for SRV-6 J
(from PBL); Lane 3: gp20 DNA PCR product for SRV-6 L (from PBL);
Lane 4: gp20 RT-PCR product for SRV-6 J (from serum); Lane 5: gp20
RT-PCR product for SRV-6 L (from serum); Lane 6: DNA marker (500-
base ladder); Lane 7: negative control (DNA from uninfected Raji cells);
Lane 8: negative control (no DNA control).
Fig. 4. Phylogenetic tree based on gp70 region of the env gene of SRV-6
from Jodhpur and Lucknow langurs, other SRVs, and related endogenous
retroviruses. (AF 187057: SRV-6 L; AF401240: SRV-6 J; M16605:
SRV-2; U85505: SRV-1; U85506: SRV-1; M23385: SSV; AF126468;
AF126467: SRV-2; XO1455: REV; M11841: SRV-1; AF033815: SRV-3;
M12349: SRV-3M; 16550: BaEV).
Fig. 5. Phylogenetic tree of simian retroviruses using nucleotide sequence
information from gp20 regions of SRV-6 J and other known SRVs with
100 bootstrap shuffling to show SRV-6 J as a related but distinct SRV
(GL2 gp20 new: SRV-6 J; AF126467: SRV-2; AF126468: SRV-2; U85505
and U85506: SRV-1; M16550 BaEV, M23385: SSV; M16605: SV-2;
AF033815: SRV-3; M12349: SRV-3; M11841: SRV-1).
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H9, and Hut 78, showing typical syncytia formation as
marker for CPE in vitro (Figs. 2, i a, b, ii a, b, iii a, b). This
suggests that the virus has tropism for both T and B cell
lines of human origin, though they grow better in the Raji
cells (B cells). Several strains of SRV-2 are also reported to
have the same properties (Li et al., 2000; Rosenblum et al.,
2000; Marracci et al., 1999).
Retroviral env genes encode a precursor polypeptide
which is processed by glycosylation and proteolytic cleav-
age to yield an N-terminal glycoprotein, located on the
external surface of membranes, SU (gp70), and a C-terminal
transmembrane protein, Tm (gp20) in the case of -retro-
viruses, which traverses the membrane and anchors the
surface glycoprotein. Since retroviral env gene product in-
teracts with the cellular receptors, variation of env gene
sequences may influence cell and species tropism.
The greatest degree of divergence in retroviral genomes
is confined to the env gene (Daniel et al., 1984; Desrosiers
et al., 1985; Fine et al., 1971; Grant et al., 1995a,b; Li et al.,
2000; Luciw et al., 1985; Maul et al., 1988; Power et al.,
1986; Rosenblum et al., 2000; Shiigi et al., 1989; Sonigo et
al., 1986; Thayer et al., 1987). Isolates of many retroviruses
including HIV, MuLV, FeLV, SRV-1, 2, and 3 show greater
sequence variation in the surface unit or the N-terminal
domain of env gene than in any other parts of their genomes
(Hahn et al., 1985; Luciw et al., 1985; Rosenblum and
McClure, 1999). This surface unit of the envelope protein is
considered to be the target for protective immunity by the
host and therefore is more vulnerable to the selective pres-
sure of immune responses of host resulting in a greater
degree of variation.
Regions of gp70 from SRV-1 and SRV-2 have been
identified as T and B cell epitopes or neutralizing domains
(Malley et al., 1991, 1992). This region is very well con-
served and suggests an important role in the virus life cycle.
It has been shown to stimulate proliferation of T cells from
SRV-2-infected mice (Fine et al., 1971; Malley et al., 1992).
In vivo pathological changes in lymphoid tissue have been
observed in rhesus monkeys neonatally infected by SRV-3
(Fine et al., 1971). However in another report, disrupted
SRV-3 particle did not show any effect on lymphoid cell
function in in vitro experiments (Denner et al., 1985).
The consequences of sequence variation of the env gly-
coproteins may extend beyond immune recognition. The
properties influenced by the viral env genes include host-
range, viral interference pattern, pathogenesis, and antige-
nicity. With respect to gp70, the langur viruses from differ-
ent geographical regions appear almost identical (Fig. 4).
Phylogenetically they appear closer to SRV-2, a common
source of symptomatic infection reported from the regional
primate research centers of USA (Fig. 4), as compared to
the other known SRVs, both exogenous and endogenous. In
the nucleotide sequence generated by direct sequencing of
gp70 from SRV-6 J, a single ambiguous nucleotide (N) at
position 88, leading to a code of “TGN” was observed
corresponding to an ambiguous amino acid (X) at position
26. This position relates to a conserved cysteine residue
(TGT or TGC) observed in almost all the SRV sequences
(including SRV-6 L). The alternate coding possibility for
this region relates to either a tryptophan residue (TGG) or a
stop codon (TGA or UGA), which are both highly unlikely,
given the conserved nature of the cysteine residue in all
SRVs and its implication in the secondary and tertiary
structures of the envelope proteins in general.
In contrast, the C-terminal transmembrane glycoprotein
(gp20 for - or type D retroviruses) is considered to be more
conserved, as it is not exposed to the selective pressure of
the immune response of the host (Marracci et al., 1995;
Maul et al., 1986, 1988; Rosenblum et al., 2000; Clapham
and McKnight, 2002). However a part of the transmem-
brane glycoprotein that anchors the surface glycoprotein is
not likely to be protected from the selective pressure as it is
exposed to the external surface (Desrosiers et al., 1985;
Thayer et al., 1987). This part of the transmembrane glyco-
protein is directly responsible for cell-membrane fusion and
virus entry. It is known that both conserved and variable
regions exist in the structural genes of retroviruses (Rosen-
blum and McClure, 1999). The conserved region of TM
protein is most probably relevant to a common mechanism
for triggering the fusion process and viral entry. It also
contains an immunosuppressive unit (ISU) in both the mu-
rine MoMuLV and the murine SRV-3. There is a region of
a 17mer peptide, known to be involved with the immuno-
suppressive function of the domain (Van der Kuyle et al.,
1997; Stromberg et al., 1984).
However in our report even in the stretches of limited
length of unambiguous sequence information, we observe a
greater degree of variation in the transmembrane unit (gp20)
of SRV-6 env gene (Fig. 3). With respect to gp20, SRV-6
appears phylogenetically closer to SRV-1 and SRV-3. The
gp20 region seems to be more variable with reference to
SRV-6 even in the short stretch of nucleotides. The stretch
OY, found in SRV-6 J as above is common in SRV 1–3 as
well as in SRV baboon and BaEV (which is replaced by SI
in SRV-6 L). However overall the gp20 stretches of SRV-6
J and SRV-6 L are very different from the equivalent re-
gions of the known SRVs, as well as unpublished equivalent
sequences from SRV-4 and SRV-5 (C.A. Machida, OHSU,
USA, personal communication). Using the 265 nucleotide
stretch from gp20 region of SRV-6 J, the virus appears to be
related to but distinct from the known simian retroviruses.
The molecular analyses suggest that viruses naturally
infecting langurs from Jodhpur and Lucknow are closely
related variants of SRV-6. The surface glycoproteins appear
virtually identical with a degree of variation in the trans-
membrane gp20 region. They cluster together and form
related but independent branches of phylogenetic tree of the
SRVs, confirming SRV-6 to be genotypically a unique
SRV.
Host–virus coevolution suggests that viral strains vary
according to variation in the species of the natural hosts as
well as geographic distribution of the host species (Norley
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et al., 1999). The langurs from Lucknow and Jodhpur ap-
pear to be morphologically similar but future molecular
speciation studies of the hosts might reveal minor changes,
given that despite the two regions of envelope gene being
broadly similar and especially the surface glycoprotein gp70
being virtually identical, there are several variations in the
gp20 region. A full genome sequencing of both SRV-6
isolates would further clarify the degree of homologies and
exact phylogenetic relationship of the viruses. As it was
difficult to directly sequence the PCR products, most likely
due to extensive sequence variabilities between the target
and the primer sequences (designed from the available
primer sequences for SRV-5; Li et al., 2000) or possibly
secondary structure with GC rich region, we have cloned the
PCR products of gp20 regions from both SRV-6 J and
SRV-L in pGEM-T Easy vector (Promega) and are cur-
rently working on using the vector primer as sequencing
primer to generate additional sequence information from
this region.
Transmission of simian viruses in nature, both SRV and
SIV, is known to occur through heterosexual contact as well
as horizontally through blood by scratching, grooming, and
biting between the simian hosts sharing a common habitat in
the wild. However vertical transmission of SRV infection
has not been well defined. In our present study, two langurs
were laboratory bred. These were infected by SRV-6 as
shown by both PCR and in-house ELISA and WB. The
observation suggests SRV-6 can be vertically transmitted
from mother to child.
This and our earlier study describing natural infection by
this novel simian retrovirus in the Indian langur for the first
time add to our understanding of the distribution and evo-
lution of simian retroviruses. Clearly, full genome sequence
analyses of both SRV-6 J and SRV-6 L would be significant
areas for future study. Given the observed tropism of SRV-6
for both T and B cell lines of human region, SRV-6 could
have a potential use as a viral vector in gene therapy.
Materials and methods
Collection of blood samples
Similar to any study with feral primates, it was difficult
to obtain blood samples from the wild primate individuals
since primates, especially the Hanuman langurs, are consid-
ered sacred and revered by Indians across the country. We
had to convince the local villagers about the significance of
our study before we could embark on sample collection. The
Animal Ethical Committee of the Institute and the local
animal ethics group were informed of the study and their
approval was obtained. Relevant permission from the De-
partment of Forests and Wildlife of the State Government of
Rajasthan was obtained by one of our colleagues (S.M.M.)
from Jodhpur.
We could collect blood samples on this occasion from
only two individuals (both females) of a unimale bisexual
group. One adult female weighed 15.5 kg and the other, a
subadult female, weighed 7.5 kg. Both animals were appar-
ently healthy. Blood samples were processed within 4 h to
separate the peripheral blood lymphocytes by density gra-
dient centrifugation on Ficoll–Hypaque (Histopaque,
Sigma, USA). The PBL and plasma samples were stored on
ice. The langurs were captured temporarily by pneumatic
blowpipe darting. The animals were tranquillized by ket-
amine hydrochloride and Xylazil-100 (Troy, Australia) in a
1:1 proportion according to the prescribed dose, depending
on the body weight of the animals. Blood samples (5–10 ml)
were drawn in trisodium citrate. After being bled, the ani-
mals were given 0.05–0.1 mg/kg body weight of Antagozyl
SA (Yohimbin hydrochloride 1.25 mg/ml and 4-aminopyr-
idine 2 mg/ml, Troy, Australia) for reversal of Xylazine-
based sedation. Additionally, glucose saline drip was ad-
ministered for safe revival. The animals were rehabilitated
in their native habitat soon after they recovered from seda-
tion.
We also included samples from the six apparently
asymptomatic, experimentally naı¨ve langurs available to us
from our previous study. Of these, four were wild-caught
from Lucknow and the other two were born in captivity at
the Animal House Facility of NIV, Pune, housed in indi-
vidual cages. These included six adult individuals, four
females and two males. (During the last year, one male
individual from this group had shown signs of wasting,
developed diarrhea, was diagnosed to have tubercular in-
fection, and died. We were able to isolate the virus, SRV-6,
from stool suspension of this langur and could amplify the
surface glycoprotein of the env gene from it; unpublished
data.)
Serology
In the absence of commercial serological tests for
SRV-6, in-house ELISA and Western blot tests were devel-
oped using purified virus pellets of SRV-6 isolated from
wild-caught langurs available from our earlier study (Den-
ner et al.,., 1985). Briefly, supernatant from cocultured PBL
of langurs in Raji cells was used for purification of virus by
ultracentrifugation on sucrose cushion (10%) according to
standard methods. The lysed virus pellet was used as the
source of antigen for coating microtiter plates for ELISA.
Horseradish peroxide conjugated anti-monkey IgG at a di-
lution of 1:1000 was used as conjugate with tetramethyl
benzidine/H2O2 (TMB/H2O2) as chromogen. Optical den-
sity (OD) was measured at 450 nm and cutoff value of OD
was calculated according to standard method. For develop-
ment of WB, lysed virus pellet was electrophoresed on
polyacrylamide gel (PAGE) and transferred to blots accord-
ing to standard methods. Protein molecular weight markers
were run to determine and identify the various viral anti-
gens. A proportion of the primate serum samples (langurs
and rhesus) were also analyzed by type D ELISA, specific
198 J.S. Nandi et al. / Virology 311 (2003) 192–201
for SRV-2 and cross-reactive for SRV-1, provided by R.C.
Desrosiers, New England Primate Research Center, USA as
a gift.
Negative control serum
There are no seroprevalence studies for SRV infection
from India available yet and ours is the first attempt to
investigate natural infections by SRV in the Indian pri-
mates. Hence it was not possible presently to identify a truly
seronegative monkey to serve as negative control. Normal
human serum samples were therefore used as negative con-
trols in serological assays.
Cell culture and virus isolation
PBL from langurs were cocultured in vitro with three
different cell lines of human origin, Raji cells (B cell line),
H9, and Hut 78 (T cell lines). The cell lines were procured
from the National Centre for Cell Sciences (Pune, India).
Langur PBLs were also grown as primary culture. Cell
culture was carried out according to the standard methods in
1640 RPMI10% fetal calf serum (Gibco-BRL), antibiotics
streptomycin (100 g/ml), penicillin (100 U/ml), and
L-glutamine (2 mM, Sigma). The PBL was treated with
phythemagglutinin (PHA-P, Sigma) at a concentration of 2
g/ml for 3 days and then cocultured with Raji, H9, and
HUT78 cells at a 1:3 proportion (1  106 PBL and 3  106
cells from the respective cell lines). Syncytium formation
was used as a marker for CPE of the virus. Uninfected cell
lines were used as negative controls in the cocultivation
experiments.
Genomic amplification
DNA was extracted from primary PBL of wild langurs
according to the standard procedure and used as PCR input
(Sambrook et al., 1989). We used primers from env region
(gp20, gp70) and 3 ORF region of the SRV genome for
PCR since this region of the retroviral genome is known to
be most variable. Primers for amplification of gp70 were as
published for SRV-2 and those for amplification of gp20
were as published for SRV-5 (Grant et al., 1995b; Li et al.,
2000).
Conditions for PCR had to be optimized to achieve
appropriate primer annealing temperature for the PCR ex-
periments as required for any unknown virus. In general,
PCR conditions outlined in our earlier report were found
suitable with minor modifications. Briefly, an initial three
cycles at 37°C annealing temperature during the linear am-
plification followed by 48°C as annealing temperature in the
first round and 50°C annealing temperature for the nested
round were used. A temperature of 94°C for the denatur-
ation step and 72°C for the extension step was found suit-
able. Appropriate negative controls (DNA extracted from
PBL of normal humans, uninfected Raji cells, and no DNA
control) were included. Using RNA extracted from serum of
the langurs using RNAzol (Gibco-BRL), RT-PCR with the
same primers as used for DNA PCR were also carried out.
All precautions to avoid DNA carryover were taken. The
PCR products were analyzed by 1.8% agarose gel electro-
phoresis and the products were visualized by UV transillu-
mination.
Purification of PCR products and direct sequencing
The PCR products from the env region were gel purified
and subjected to further purification by the Wizard Miniprep
columns according to the Manufacturer’s protocol (Pro-
mega, USA).
Sequencing of the PCR products
PCR products from gp20 and gp70 and 3 ORF regions
of env gene from wild langurs from Jodhpur and gp20
region from the Lucknow langur were directly sequenced in
an automated sequencer (Applied Biosystem, USA) using
Sanger’s dideoxy method. Sequencing was subcontracted to
a commercial firm from Bangalore (Bangalore Genei, Ban-
galore, India), as an automated sequencer was not available
at the institute when the sequencing work was carried out.
Phylogenetic analyses
Nucleotide sequencing data from the env genes (gp70
and gp20) were used to evaluate the phylogenetic relation-
ship of SRV-6 naturally infecting Lucknow and Jodhpur
langurs (SRV-6 L and SRV-6 J respectively), with equiva-
lent regions of env gene from known exogenous retrovi-
ruses, available from the GenBank database. The new se-
quences were searched against the nonredundant collection
of sequence data and nucleotide sequences of the known
SRVs and related viruses using the programs BLAST,
FASTA, and ClustalW (Altschule et al., 1997; Pearson and
Lipman 1988; Thompson et al., 1994). Based on homology
search results, different sequences belonging to Retroviri-
dae family and type D ()-retroviruses were downloaded
and converted to the FASTA format. The FASTA program
was run to locate the region of maximum similarity
(Felsentein, 1996; Felsentine, 1995). The sequences were
also aligned with equivalent regions of SRV-4 and SRV-5
genomes (sequence alignment carried out by C.A. Machida,
Oregon Health Sciences University, USA, personal commu-
nication). Phylogenetic trees were constructed separately
using multiple sequence alignment by ClustalW, MEGA2,
Seqboot, and PHYLIP for gp20 and gp70 to establish the
phylogentic relationship of SRV-6 naturally infecting lan-
gurs from Jodhpur and Lucknow (Felsentein, 1996; Felsen-
tine, 1995; Kumar et al., 2001; Thompson et al., 1994). The
multiple alignment data were converted to interleaved data
format using the program CLUSTAL-CONVERTER. The
program SEQBOOT was used to produce multiple data sets
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by 100 bootstrap resampling. The phylogenies were esti-
mated using parsimony method (program DNAPARS).
Consensus trees for gp70 were generated using the data sets
that were obtained using 100 reshuffles by bootstrapping.
The programs DRAWGRAM and DRAWTREE were used
to generate cladograms, phylograms, and phylogenetic trees
by PHYLIP and MEGA 2 (Kumar et al., 2001; Thompson et
al., 1994; WebPHYLIP: version 1.3, http://sdmc.krdl.ord.
sg.8080/lxzhang/).
GenBank Accession Numbers
The following GenBank Accession Nos. were acquired:
AF401240 (gp70), AF401239 (gp20) of env gene of SRV-6
from Jodhpur Langurs (SRV-6 J), AF400698 (gp20),
AF187057 (gp70; published earlier, Nandi et al.,., 2000) of
env gene of SRV-6 from Lucknow langurs (SRV-6 L).
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